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PBSI'ACS 


Th« theory of the danced dynamic vlhratlon absorberp neglecting the 
effect of damping in the mein mass syetemp has been worked out and is 
available in the literaturso However, a search of the literature reveals 
a lack of experimental verification of the theoryo This is probably due 
to the general unavailability of suitable experimental apparatus such as 
the Vestinghouss vibration fatigue testing equipment recently acquired 
by the United States Hiaval Postgraduate School, and which is one of the first 
commercial units of this type to be built, 1 

During the period from October 1948 throrjgh April 1949 the author 
extended the theory of the damped dynamic vibration absorber to include 
the effect of dashing in the main mass system, designed a suitable 
absorber unit for application to an elastic system driven by the above 
noted fatigue testing equipment, and ran tests to obtain experlmsntal| 
verification of the theory. This work was carried on at the United 
States Naval Postgraduate School, 

The author gratefully acknowledges the assistance and guidance 
rendered by Dr, Srnest K, Gatcombe of the U, S, Naval Postgraduate 
School during the entire project. Acknowledgements are also due to the 
U, S, Naval Engineering Experiment Station for the manufacture of the 
absorber xinit, the furnishing of oil samples with viscosity data, and the 
photographic services rendered in the development and printing of oscil¬ 
lograms; to the Public Works Division of the U, S, Naval Academy for • 
making tracings and prints; to Professor P, E, Cooper of the Postgraduate 
School for his assistance in the solution of certain electronic problems; 
to Mr, J, A, Oktavec of the mechanical force of the Postgraduate School 


ii 


for his fine vorknanshlp In the Bsmtifacture of neoessar/ experimental 
apparattiss and to varlotis members of the staff and facolt/ In the 
Departments of Ph 7 slc 8 , Mechanical Engineering, Electrical Engineering, 
and Electronics Engineering of the Postgraduate School for the loan of 
Inetrximents and apparatuss 
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i 

Vhcn «n elastie ajsten 1b aotad upon 1)7 a steadj alternating force 
of constant frequenQ7, It ffla7 derelope o'bnoxlouB ▼I'bratlons, Mpeolally 
when the frequeno 7 of the force Is close to the resonant frequeno 7 of 
the elastic s7Steao Such resonant phenomenon Is frequentl 7 encountered 
In machines and machine aamhers when operating close to a critical speed 
or during acceleration throu^ a critical speedo In order to eliminate 
or reduce the objectionable vibration, several possibilities should be 
Investlgatedo I^he elimination or reduction of the exciting force would 
be the Ideal solution, but this may not be practicable or even possible. 
The mass or the spring constant of the system might be changed In order 
to get away from the resonant condition, but this may also be Inpractloal 
A third possibility Is the application of a dynamic vibration absorbero 
This Investigation Is conoerened with the development of the aathe~ 
matlcal theory of a linear dasped vibration absorber and the correlation 
of this theory with experimental results obtained from the application 
of an absorber to a vibrating system. 



CHAPTER II 


MATHEMATICAL AHALISIS 

lo The Problem,- 

Conslder the danped two-degree-of-freedom system represented diagram- 
matically In Tig. 1. Let the combination 
£,H represent the elastic system of the 
machine or member which Is vibrating tmder 
the Influence of a sinusoidal force, 

P^Sin a>t« This system will subsequently 
be refered to as the main system. 

Attached to the main mass Is a small 
elastic system, k,m, which represents the 
dynamic absorber; this system will subse¬ 
quently be refered to as the absorber 
system. Both masses are assumed to be 
guided so as to be capable of purely vertical motions only. A viscous 
daiiq>er, represented by a dasiqjot, with a dasq>ing constant b» la attached 
between the main mass, M, and the rigid support, A, and represents the 
dancing which is present in all physical elastic systems, although it may 
be quite small. Another viscous danq>er, with damping constant, c, is 
attached between the absorber mass smd the main mass, and represents daaq)- 
ing deliberately introduced in the absorber system as well as the natural 
damping which exists in the system. Por sinplification of the analysis, 
the assiinption is made that only viscous type damping is present in the 
two systems. The positive direction is taken as downward with the neutral, 
or equilibrium, position of each mass system as indicated in the figure. 


Fis-l 
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The problem ie to calculate the eteady-^etate forced vibration of the 
xDain nasB under the influence of the Binueoidal exciting force and the 
absorber actions 


2o Differential Dquatione of Motion.* 

Consider the instant when the main mass, M, is being displaced dov&> 
wirde in the positive direction, from the equilibritim position. The 
forces acting on the main mass, M, are: 


Main spring force, 

Absorber spring force, 

Main s/stem damping force. 
Absorber system dancing force, 
Ingressed exciting force. 


- k(xj^ - Xg) 

- b(dxj^/dt) 

- c(dXj^/dt - dxg/dt) 
PgSintot 


The forces acting on the absorber mass, m, sure: 


Absorber spring force, kCx^^ * Xg) 

Absorber damping force, ♦ c(dx^/dt - dxg/dt) 

By the application of Hewton's second law (Force e Hass x Acceleration) 
to each mass, and arrangement of terms, the equations of motion for the 
twe*degree~of*freedom system may be written: 


/H^,. <-/rx, 1 -i-+c(^ - ^ H Sinuit (1) 

^ O (2) 




3o Steady State Solution.- 

Jor the steady-Btate solution, both and X2 are harmonic motions 
of the frequency uJ and can be represented by rotating Tectors, Also, 
each term in eq\iatlons (l) and (S) Is representable by such a vector 
rotating at velocity co . Squatlons (l) and (2) may be expressed as 
con^lex numbers as follows: 

[^- Mw* +K+k +j<u( b+C )j X, - [ k * j toe J <1 = Po ( 3 ) 

“(]#c i-ja>c]x, + f-fnto^ t k + jtocj = O (4) 

H' ■ 

V 

where x^- and X 2 are (unknown) complex numbers and the other quantles are 
real. Solving equation (4) for Xg, substituting this in equation ( 3 ) and 
solving for x^j^, there results: 

Xi . __ (k -muj^) *■ Jwc ___ 

Po ~ [(-A1to^+h)(-»na;V<c) " -co^bc] * juJc[~Mco^+K~>Vui^* ^ i-K)] 

This is of the form 


( 6 ) 

Po C *jP 


which, by the single application of the rules of complex numbers, has an 
absolute value of the form 


IJ^I / A"'^- 

I P. 1 ~ ^| 



applying this form to equation ( 5 ) there restilts: 




4o BlmenslonleaB !ForBo<^ 

Sqxiation. ( 8 ) may be \i 86 d to calculate the an^lltude of vibration, 
which is a function of eight variables: P^,a), b, c, K, k, M, and m. 
However, in order to reduce the number of variables and to better demoi>* 
strate the physical factors involved, it is desirable to write equation 
( 8 ) in dimensionless form, utilising the following symbols: 

ji a b/H s °*^bs ratio. 

ojv. - -/k/* s undao^ed natural (circiilar) frequency of absorber. 

flh C - Undas^ed natural frequent of main system. 

f s r timing ratio, 

fin 

8 Z a driving frequency ratio. 

2^ s Pq/K 9 Static deflection of main system. 

= aaq)litude ratio of main system, 

0 ^ S 2 mJ 4 ,a (pseudo) critical damping constant. 

^ 3 e/(^ 0 dasping ratio. 

By dividing both the numerator and denomenator of equation ( 8 ) by 

, making appropriate substitutions from the above listed dimension- 

/ • 

less parameters, and with simple algebraic 1 111 1111 x 1 1 1 irr 1 trn t there results: 






7or any given system operating under specified conditions, the dimension¬ 
less quantles h, b/c^, b/c, f, and yu, may be considered as constants, 
and the frequency ratio, g, as the independent variable. The ai^litude 
ratio :q./ xb ^ function of g only. 
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3o Special Cases.- 

It Is interesting to investigate eqvtation (9) for certain special 
cases. When the dashing, c, of the absorber system approaches zero, h 
approaches zero, and eqtiation (9) reduces to 





(f-ny 




( 10 ) 


It will be noted that the amplitude ratio becomes zero when g = f . 
However, if b is small a high resonant peak will occure on each side 
of f, and these peaks will approach infinity as b approaches zero. 

When c of equation (9) approaches infinity, the absorber mass is, 
in effect, locked to the main mass and the vibrating system becomes a 
single-degree-of-freedom system with a mass (M 4 m). For this case, 
equation (9) nay be simplified by dividing the numerator and deminator by 
(2hg)^, and letting e approach infinity, giving 





( 11 ) 


which has a resonant peak when g 
infinity as b approaches zero. 



and this peak will approach 


6 . Analysis of Solution.- 

Equation (9) niay be shown to be of the form 


12^1 - / -h 3 

I ^ol ■ y CA* + Eh + P 



( 12 ) 
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where: 


A 3 4g2 
B B (g2 - f2)2 

« « « P D ( 13 ) 

c = 4g^(g^ - 1 +/Ag^) + (V«c^ ^ 

B S 8/<g2(g2 - 1 +/ig^)(g2 -. f2)-^ - - (g2 “ l)(g^ - f^)] 

D = 4 ^g 2 (g 2 « ^ j^^g 2 _ « i)(g 2 ^ f 2 )J 


Zhere Is no relationship amoung the terms A, B, C» D, £, which will make 
equation (12) Independent of the danplng ratio, h, unless g = 0, which 
Is a trivial case, or h r Oi In which case equation (l2) reduces to 



/>/i + B 
Ch*- i- D 


(14) 


and all terms In ( 13 ) containing h becomes sero, Squatlon (l4) Is 
Independent of dancing If 


A B B (15) 

0 D 


When b Is sero, equation (9) reduces to the special ease treated 
by Den Bartog ( 3 )) and may be written: 








(16) 


It Is recommended that the Interested reader refer to this text for the 
details of mathematical development which, In general, are omitted In 
the interest of brevity in the analysis which followSo 

Substituting relations from ( 13 } In (l9)» for the case of b ^ 0 , 
there results, 


r ' 1^ - 

r 1 




(17) 
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from which, 


For the case of the minus sign, equation (iS) reduces to 

/^fy - 


from which it is seen that g : 0, which is proof of the obvious fact 
that at sero frequeno 7 , the asqilitude ratio is independent of daBq;>ing» 

An inspection of equation (l6) also shows that at sero frequencjr s 1, 

or the deflection of the main mass is equal to the static deflection 
caused by Pq<> 

For the case of the plus sign, equation (l 8 ) reduces to 


at _ 2Q*- / » 

« ^« z +yu 


+ 


zf^ 
z +/« 


0 


(19) 


2 2 

which will have two roots, and g 2 t abscissas of the points 
(refered to as points P and Q in the literature) through which all carves 
on the (g, x^/x^) plane will pass for any given value of fo 

For the case of constant tuning, f s 1 • the abscissas of points 
P and are respectively, 

~ ^ 20 ) 


while the ordinates are, respectively. 





(21) 

/Xl) = - . . 

Iao/,=j, («+/") -^r■ 

It will l>e noted that the ordinate of point P is greater than that of Q. 
Optinum damping will occore for the ctirve with a horizontal tangent 
throu^ the point Po Brock (l) showe that this occores when 

a' = ^ ] ( 22 ) 

8 ( 1 +^) 


from which the optimum dancing constant may he confuted, since h s c/c^ 
and Cq 3 2m 

Ben Hartog ( 3 ) shows that hy adjusting the timing f, the ordinate 
of point P may he decreased and the ordinate of point increased until 
they are of equal magnitude, and the most optimum tuning is thereby 
effected. This occures when 


f = 


I 

I 


(23) 


It is evident from equation ( 23 ), since f - , that for optimum 

tuning the undamped natural frequency of the ahsorher should he somewhat 
lower than the undamped natural frequency of the main system. For 
exan^le, an ahsorher 1 / 2 O as large as the main system should have 
tuned 4oS^ lower than Xl„; and for an ahsorher l/lO as large, 6U« should 
he 9ol^ lower. 

For the case of optimum tuning, the ahsoissas of points P and Q of 
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the (g, Xj^/Xq) disgraa are respectively, 



The dancing ratio which will give a curve with a horisontal tangent at 
point P will not have a horisontal tangent at and vice versa, although 
the difference between the two constants is small. Brock (l) shows that 
a good average dashing constant is 


* 




8 


(26) 


7, Other Considerations,- 

In the development of equation (9), a (pseudo) critical damping 

constant was defined as, c. ^ 2miln« It would seem more logical to 

c 

define e - 2mo).,. . If this definition of is used, equation (9) 
c c 

would be replaced by 

(27) 

which differs from equation (9) by having the term f appear as a 
multiplier of the terms h and b/c^ , Por any given system operating 
under specified conditions, equations (9) and (27) would give identical 
numerical answers. In order to agree with existing literature on this 
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subject, it vas deemed advisable to continue using a (pseudo) critical 
daoping constant defined as c s 2m n.„o 

C 

The above anal/sis is based on a harmonic exciting force having an 
an^litude Independent of its frequencyo Brock (2) has worked out the 
case in which the sui^litude of the harmonic exciting force varies as the 
sqiiare of its frequency. QThe reader is refered to the literatvire for 
this interesting and important variations 



CHiLPTER III 


APPARATUS 

lo PiorpoBeo- 

In order to obtain experimental verification of the theory of Chap¬ 
ter II, a damped dynamic vibration absorber was aj^plied to an elastic 
system excited by a vibration motor and measurements were taken of the 
an^jlitude of vibration over the critical frequency range for various con¬ 
ditions of operation,, 

2o The Absorberc- 

A detailed plan of the absorber unit designed by the author is en¬ 
closed as Figo I, attached to the back covero It consists, essentially, 
of a steel cylinder cylAgdsg , 2-3/4" long, with an inside diameter of 1-|^", 
fitted with top and bottom cover plates, A close fitting steel plimger 
of li^t construction, 2^’" long, with eui H-shaped longitudinal cross- 
section, is supported inside the cylinder by means of helical compression 
springs which bear against the top and bottom cover plates. An l/S" 
steel rod is attached to the pliinger and protioides through the top cover 
so that small wel^ts may be added to the plunger for timing pTirposes, 

The plxmger may be locked in place by means of a brass set screw in the 
top cover which tightens against a flat milled on the plunger rod. 

Viscous dai^ing between the plunger and cylinder is obtained by an oil 
film in the radial clearance space, which by measurement was ,0022" thick, 

3o The Mountlngo- 

The absorber unit %ra8 mounted at mid span of a fixed-ended steel 
beam of approximate dimensions: l/g" thick, 1^" wide, and 104" between 
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supports. The exact dimensions and details of mounting and connection 
to the drive rod of the vibration motor are shown in Fig, 2, 

4, The Vibration Motor,- 

The vibration motor consists essentially of a coil placed in a uni¬ 
form magnetic field. This coil is fastened rigidly, by means of a spider, 
to a drive rod which can be attached to any mechanical system. The spring 
stispension is such that the maxiniura amplitude of vibration is approxi¬ 
mately 1/16" from the neutral position, A cut-away view of the motor 
assembly, as reproduced from the manufacturer’s instruction mantial, is 
shown in Fig, 3, 

5, The Elastic System,- 

By comparison of the above described elastic system with the dia¬ 
grammatic system of Fig, 1, certain similarities are apparent. The cosh 
blned spring constants of the fixedt-ended beam and the spring suspension 
of the vibration motor drive coil assembly corresponds to E of Fig, 1, 

The mass of the motor drive coil assembly, inertia (effective) mass of 
the motor spring suspension, inertia (effective) mass of the fixed-ended 
beam, mass of the absorber mounting fittings (drive rod extension stud 
with lock nuts and the 1^^ diameter steel washer on under side of beam), 
and entire mass of the absorber unit, excepting the plunger assembly, all 
add together and constitute H of Fig, 1, The combined spring constants 
of the two small helical compression springs in the absorber (the springs 
are in a parallel arrangement so that the spring constants add) corresponds 
to k. The Mass of the plunger assembly (plunger with rod, two collars 
and four nuts) plus the inertia mass of the two springs, corresponds with 
the mass m of Fig, 1, The natural daxQ)ing within the motor and beam 
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elastlo system is represented by the viscous dancing constant, b, of 
Figo lo The viscous drag of the oil film in the small radial clearance 
space between the plunger and cylinder of the absorber, plus the natxiral 
dashing of the absorber springs is represented by the viscous damping 
constant, Oe The sintisaLdal exciting force, P^Sinojt, is supplied by the 
vibration motor, She actual elastic system of the experimental set-up 
is, therefore, exactly similar to the theoretical system of Fig, 1 on which 
the mathematical analysis of the absorber action is based, 

6 o The Vibration Fatigue Equipment,- 

The vibration motor is a \init of the Westinghouse vibration fatigue 
equipment which is designed to vibrate mechanical systems over a frequency 
range of 20 to l600 cycles per second. The output of a continously vari¬ 
able frequency audio oscillator is amplified by a 40 watt ao^lifier and 
delivered to the drive coil of the vibration motor. The oscillator used 
with this apparatus is a Hewlett-Packard audio signal generator, model 
205 -A, and consists of a resistance-tuned oscillator in combination with 
an output meter, attenuator, and an impedance matching system. The 
frequency output is readily varied by turning a calibrated dial. By proper 
adjustment the accuracy of the frequency output may be maintained within 
1^0 The alternating current supplied to the drive coil by the 4o watt 
an^lifler causes the coll to oscillate in the magnetic field and develope 
a sinusoidally varying foree which is applied to the drive rod, A sIbw 
plified schematic diagram of the electrical connection of the oscillator, 
ao^llfler, auid vibration motor is shown in Fig, 4, which was reproduced 
from the manufacture's instruction manual. The field of the vibration 
motor is designed for 220 volts. However, only 120 volte was used in 
this investigation as that was the only d,c, power readily available and 

- 16 - 





























































































































%«as adequate for the purpose. The remaining power requirements of the 
equipment were supplied from a II5 volts, 60 cycle sourceo 

A piclo-up coll is wovind on top of the drive coil of the vibration' 
motor and is primarily intended as a feed back to the amplifier for main- 
taining substained self-excited oscillation, independent of the audio 
frequency oscillator simply, for the vibration of mecheuiical systems at 
their natural frequency. However, in this investigation it was used only 
to ST^qyply a signal, indicative of the amplitude and harmonic motion of 
the main elastic system, to oscillographs for observation and record 
purposes. 

7 o Oscillographso- 

A DuHont, type 208 , cathod»*ray oscillograph was used for general 
observation of the wave form and relative amplitude of the signal from 
the plckyup coll of the vibration motor, A Westinghouse, type PA, 
mechanical oscillograph was used for obtaining oscillograms of the die- 
away characteristic of the elastic system under various operating con?- 
dltions. In this connection, it was found necessary to connect an audio 
an^lifier (a Bogen, model S-30, was used) between the picb-up coll of the 
motor and the galvanometer element of the osoillograph in order to elimi- 

I 

nate the Tinderslrable damping effect of the galvanometer on the elastic 
system. When the signal from the picb-up coll was fed directly into the 
oscillograph galvanometer, the dancing in the elastic system was deter¬ 
mined to be approximately 3^ of the critical dancing constant, whereas, 
when the signal was fed through the amplifier, the daisping was found to 
be only about 1 -^, The difference between the two daiiq)ing constants is 
indicative of the power required for driving the galvanometer element, 
which is in the order of 0,1 watt for full deflection. 

j 
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8. Amplitude Measurlxig ApparatuSo- 

Slrect meaeurement of the an^litude of vibration of the elastic sys¬ 
tem was obUiined by means of an optical telescope and stroboscopic illumi- 
nationo She telescope was mounted on the vibration motor and focused on 
the absorber unit near the top edge. An adjustable cross-hair with micro¬ 
meter dial permitted measurement of an^litude to the nearest o 0003 "e She 
stroboscopic illumination was provided by a General fiadlo Co. stroboluz, 
type 648 -A, triggered by a strobotac, type 631-Be By turning an illuminr* 
ated calibrated dial on the strobotac, the flashing speed of the lan^ in 
the strobolxiz can be accurately adjusted to any value from 10 to 100 
cycles per second. When properly standarised, the acciiracy of the dial 
reading is within Ift, , 

9. Arrangement of Apparatus,- 

7 lg. 9 shows an overall view of the apparatus. Fig. 6 gives a close 
up view of the vibration motor showing the mounting of the absorber unit, 
telescope and stroboscopic illuminator. 

10 . Senperature Measuring Apparatus.- 

Measurement of the tenperature rise of the absorber unit under 
various operating conditions were obtained by a copper-constantan thermo¬ 
couple in conjunction with a Leeds A Horthrcp type K potentiometer, and 
a General Electric light-beam type of galvanometer. Fig, 7 shows a view 
of the apparatus. 
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» 1 «. 5 


Ot«s«11 Tiav of Apparatua ahovlBg arvaa^aant; Aroa loft to ri^t, 
Voatin^ooaa aaehanioal oaelllocraph, Bogaa audio aapllflor, XtaMont 
oathoda ray oaolllo^yaph, Hovlatt-Paokard oaolllator, 4 o aatt aq)lifiar 
aad ooatrol aait* d.o. roltaatar and aaaatar la flold eireolt of aotor, 
TlBration aotor with abaorbar and talaaooi>a aonatod theraont Oonaral 
Badlo Ck). atrobolxiz la roar with atrobotae on atool in front. 



fig, 6 


01OOO-Y9 of Tibration aotor aboviac aouatiac of abaorbar aad tolaaoopo 
with atrobolaz on tabla bohiad aotor. Vota aaall woij^t aaoarad to atoa 
of abaorbar for ehaagiac froa eonditioa of eoaatant tuninc to optiaaa tania^;. 
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»lf. 7 

■•MWlag appAxatui; from l«ft to rlcht, Xpplojr standard sail, 
Las^ and lorthnq) potantioaatar, Osaaral llaatrlo ^slsaaoastar, eontaii^ 
or for oold Jnnetlon lea-satar alxtnra on box. 
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CHAPTER IV 


PROGEDUSE AMD RESULTS 

lo Prelimisary ConslderatlonBe- 

Prior to running tests on the absorber operation, It was necessary 
to determine the constants of both the laain elastic system and the 
absorber system; namely, the spring constant, mass, and natxiral frequency 
of each system. Preliminary measurements had previously been made for 
use in coimectlon with the design of the absorber unit, but it was neces¬ 
sary to repeat all measurements using the equipment as built. 

\ 

2. Main System Spring Constant.- 

The spring constant of the main system, consisting of the combined 
effect of the fixed-ended beam with absorber unit nounted thereon and the 
spring suspension of the vibration motor drive coll assembly, was deter¬ 
mined by applying static loads and measuring the resulting deflections. 
The static loads, consisting of 3" ^‘‘Pound weights, were stacked on 
the absorber unit as shown In Pig. 8. The resulting deflections were 
measured to within an accuracy of one ten-thousandth of an inch (oOOOl") 
by means of an Ames, model 4l2, dial indicator mounted beneath the vibra¬ 
tion motor, as shown in Pig. 9, with its indicator stem bearing against 
an extension of the motor drive rod. The data obtained is tabulated in 
Table I, and a curve of deflection vs, load is plotted on Pig, 10. The 
spring constant, K, is equal to the slope of the curve and was found to 
be 1490 lbs, per inch. 

3. Absorber System Spring Constant.- 

The spring constant of the absorber system was obtained by using a 
special Jig for holding the absorber unit and dial indicator as shown in 


-22- 




Fig. 8 

Method of static loading for deterainatlon of min epring constant. 


Fig. 9 

Measurement of static deflection for determination of main spring constant. 
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!i!ABLS I 


Szperlmantal Ikta for Batormlaatlon of Main Syatao Spring Conatant 


LOAD 

Lba, 

BmiSCIIOH 

Inchaa/lO^ 

OoO 

OoOO 

3o0 

2o05 

5o0 

3o49 

8o0 

5o57 

lOoO 

6o90 

13o0 

8088 

15o0 

I0o27 

18o0 

12o27 

20o0 

13«56 

23o0 

15o42 

25.0 

i 6 o 77 

28o0 

18,69 

3O0O 

19.96 
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Vigo llo The static loads, consisting of 2 -pound weights, were applied to 
the plunger rod and the resxiltlng defle»> 
tions were deterained to within an acoT»- 
racgr of on»-thousandth of an inch 
(. 001 *) hjr an daes, aodel 272, dial indi¬ 
cator with an extension stea bearing 
ai^inst the bottoa end of the plunger rod. 

The data obtained is tab\ilated in Table II, 
and a curre of deflection ts. load is 
' plotted on Tig, 12. The slope of the curre 
glres a spring constant, k, of 83,5 lbs. 
per inch. 

U, Mass of Absorber Systea,- 

The Base of the absorber systea consists of the aass of the plunger 
asseablj plus the inertia aass of the springs. The plunger asseably, 
consisting of the plunger, rod, two collars, and four nuts, Mts accurately 
weired and found to hare a aass of 0.2326 pounds. The inertia aass of 
the absorber springs was determined by calculating the natural frequency 
of one spring and using the well known foranla 6 u„ z which 

60^ is the natuzml frequency of the spring, k^ the spring constant of 
one spring, and a^ the inertia aass of one spring, all in consistent units. 
The natural frequency of a helical steel spring is giren by Wahl (^), 
foranla (237), as f^ a 3510 d/r^n, where f^ is the lowest natural fre¬ 
quency in cycles per see., d is the wire diaaeter in inekss, r is the 
mean radius of the coil in inches, and n is the nuaber of active txurns. 
Usings wire diaaeter of 0 . 800 *, a mean coil radius (as deterained by 
aeasureaent} of 0 . 279 " • and 6 active turns, the natural frequency of one 
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ims IX 


S3g;>erimental Data for Datornlnation of Altsorber System Spring Constant 


LOAD DEFLXCTIOH 

L'bSo Inches/ 10 ^ 


006 

OoO 

1.0 

12.1 

2o0 

24 o 1 

3c0 

36.0 

4 o 0 

47.9 

5o0 

59.9 

60O 

72o0 

7 o 0 

83«9 

s.o 

95.8 


27. 



















































































■pring was computed to be 601 cycles per seCo o or 3775 radians per sec. 
Using a spring constant of 4 lo 75 per inch, the inertia mass of one 
spring, hy the formula uj„ s y^k^/, is 0OOII3 Ihs; and the inertia mass 
of the two springs is twice this value^ Therefore, the mass of the ab¬ 
sorber system is 0,2326 4 - ,0023 or 0,2349 potinds, 

5 o &tural Frequency of Absorber Systerao>« 

Knowing the mass and spring constant, the undamped natural frequency 
of the absorber system is readily confuted by the formula, cue^s-^ic/m to 
bo 370*4 radians per sec, or 59*0 cycles per sec, 

60 Mass of Hain System,- 

The accurate determination of the mass of the main system presents 
an interesting problem. That part of the main system composed of the 
absorber unit (without pltmger assembly), mounting fittings (consisting 
of extension stud, 1 ^* dia, steel washer on tmder side of beam, and two 
lock nuts), and vibration motor drive coil assembly may be determined 
by weighing, although this procedure necessitates dlsasembly of the 
vibration motor which it was desirable to avoid if possible; in lieu 
thereof, average weights of the drive coll assembly were obtained from 
the manufacturer. The beam may be considered as a bar with fixed ends 
and the springs of the vibration motor (four at top and four at bottom, 
of spider) as cantilever beams. Hoot ( 4 ) shows that the inertia mass of 
a bar with fixed ends is equal to 0,383 times the mass of the bar, and 
the inertia mass of a cantilever bar is equal to 0,243 times the mass of 
the bar. However, the assumptions as to the end conditions of the beam 
and springs are imdoubtly somewhat in error due to the elastic natxxre of 
the supports and other factors, and the departure of the actual conditions 
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from the a 88 \uned conditions would he reflected in the confuted inertia 

■asseso 

Another approach to the problea of determining the mass of the main 
system is to measure the natural frequency of the system and, knowing 
the spring constant, compute the mass, M, from the formula, « 

However, this method preBvq>poses neliglhle daji^ing in the system since 
the danqped natural frequency of a simple elastic system is given hy the 
formula, Q ^ ^K/M - (b/ 2 M)^ o The damping constant, b, was determined, 
in a manner to be described later, to be of the order of 1 -^ of the cri¬ 
tical danqiing. By substituting approximate values in the damped natural 
frequency formula, it may be shown that the dai}q)ing term, (b/ 2 H}^, is 
less than a tenth of one percent of the main terra, K/M., Therefore, to 
the limit of experimental accuracy, the mass of the main system may 

safely be computed from the formula, il„a /k/M o By uiing this method 

'I 

it was found necessary to add only 0 o 095 IBs. (UloS^graras) to the main 

mass system in order to bring the system into the condition of constant 

' ! ■ ' ’ 

tuning, 6 Ua s 59 oO cycles per seco Tor this condition, the mass of 
the main system is readily cosqmted to be 4,193 pounds, 

7 , Siimmeo’y of System Constants,- 

For ready reference, the basic constants of the system under investi¬ 
gation, for the case of constant tuning, f r 1 » tabulated below: 

K s 1490 lbs,/inch 
H 3 4,193 1 B». 

= wJa r 370,4 rade/sec, - 59 oO c,p, 8 , 
k - 83,5 lbs,/inch 
ffl - 0,2349 lbs, 

yu 3 m/M — ,0560 
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Optimam tuning will, theoretically, occure when equation (23) is 
•atiefied; namely, when f s l/(l By the method of successive 

approximations, using the formulas, ^ 3 m/M , f - l/(l ) , 6i>a r 
and m s , the following constants are readily cosputed for the 

case of optimum tuning: 

IB s Oo 2657 IbSp 

/X r m/M 3 ,0633 
f = 1/(1 - ) = o 9404 

z 3 ^ 8 o 3 rado/seco r 55®5 c<,poSo 

therefore, the system may he changed from the condition of constant tunr* 
ing to that of optimum tuning hy merely adding e030S Ihs, ( 14,0 grams) to 
the plunger rod of the ahsorher, 

80 Amplitude Besponse TestSo-* 

Knowizig the constants of the system, we are now in a position to 
devise tests for verification of the theory developed in Chapter II, 
Briefly, the tests which were conducted consisted of measuring the 
ao^litude of vibration of the main mass over a frequency range from 26 
to 96 cycles per sec, (g 3 , 44 l to 1,627) for each of foxir different 
daBQ)ing conditions for both the case of constant timing and that of 
optimum tuning, 7 or each chosen frequency sotting and operating condition, 
the peak to peak amplitude of vibration of the main mass was obtained by 
adjusting the frequency of the flashing of the stroboscopic lanp until 
the mass appeared to be moving vcp and down at a very slow rate. Then, 
by observing through the telescope the motion of a scribe mark (placed 
near the top of the absorber unit), setting the adjustable cross-hair 
to coincide with first the upper and then the lower limit of travel of 
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the ecrihe laark, reading the micrometer adjustment dial for each positions 
the peakyto~peak amplitude was determined to within an accuracy of o0005"o 
It was found that the croee-hair adjustment dial moved through 222 scale 
divisions for each OolOO" travel of the cross-hair; therefore, each 
division on the dial represents o 00045 "c 

The absorber damping constant, c, was varied by using oils of differ^ 
ent viscosity in the clearance space between the absorber plunger and 
cylinder The viscosity data, as furnished by the S, Haval Engineering 
E>xperiment Station, for the three oils used is tabulated and plotted on 
Eig, 13, The Infinite danplng condition was obtained by locking the 
plunger in placoe 

7 or oonparison with the theory of Chapter II, it is desirable to 
plot the experimental results in the form of dimensionless curves with 
the driving frequency ratio, g-^ cv/Stf ^, as the independent variable 
along the abscissa, and the amplitude ratio of the main system, , 

as the dependent variable along the ordinate axlSo The driving frequency 
ratio is readily obtained by dividing the frequency setting for each 
obsemration by the natural frequency of the main mass system, D.„- 5 SoO 
cycles per secondo In order to obtain the amplitude ratio, it is neces¬ 
sary to determine the statical deflection of the main system, o One 
method would be to plot an (o), x^^) curve in the low frequency region for 
the case of c equal to Infinity (plunger locked). By Inspection of 
equation (ll), which is applicable to this condition, it is apparent that 
as g approaches *ero, Xj^/x^ approaches unity. Therefore, the ordi¬ 
nate of the point where the curve levels out at zero frequency would 
represent x^ , However, since the lower limit of the oscillator frequen¬ 
cy is 20 cycles per sec, and it is difficult to extrapolate the (co, x^) 
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VISCOSITY. SAYBOLT UNIVERSAL SECONDS 



































































































































































































































































































































































































cuTVB to zero frequency with eiifficient preciBion, a more accurate method 
was devised. Again inapecting equation (ll), it will he noted that as g 
approaches infinity* ^PPro^chea zeroo Therefore, there must be a 

point in the upper frequency region at which the (g* curve inter- ■; 

sects the line r 1 i of g which this occures 

is readily eomputedo This method of determining is illustrated on 

Fig. l 4 and the data for plotting the (tw, Xj^) curve is tabulated in 
Table III, The statical deflection, x^, was thus found to be 7 o 3 units* 
where one unit represents the distance traversed by the cross-hair of 
the telescope when the micrometer dial is turned through one division. 

All tests were run with the same output level setting on the 
oscillator, so that the input to the motor drive coil was constant. 

Also, the dcC, voltage across the motor field was maintained constant 
within 1^0 Therefore, the statical deflection* x^* as determined above 
may be considered a constant, suxd the anq^litude ratio, 
readily computed for each observation. 

Prior to the start of each test, adequate warm-up time was allowed 
for temperature stabilization of the equipment and oil film in the 
radial clearance space between the absorber plunger and cylinder. 

The experimental data for a series of curves for the ease of constant 

tuning is tabulated in Table lY and the curves are plotted on Fig, l^. 

/ 

Similarily, for the case of optimum tuning, the data is tabulated in 
Table YI and the curves are plotted on Fig, l6, 

9 o Theoretical Curves,- 

For comparison purposes, theoretical curves were calctilated and 
plotted on the same graphs as the experimental curves. Figs, 13 and I6, 
liquation (ll) was used for computing the curve of infinite dancing for 
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!Em.S III 


Xxperlnental Data for Determination of Static Displacement 

of Kain System 

f I ^ c ^ oo 


w 

eycles/seco 

*1 

64oO 

27oO 

660 0 

2100 

6SpO 

17.5 

70«o 

l4„o 

73c 0 

11,0 

76«o 

9o5 

79cO 

8,0 

82,0 

7o0 

85,0 

6,0 

88.0 

5o0 

92,0 

4,5 

960O 

4,0 
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Z 4 BLS IT 


Experimental Data for Case of Constant Tuning 


tu g 

oycles/sac. 

Plunger 

locked 

xjx 

Oil #3042 

0 

Oil # 2 l 3'5 

Oil #1065 

260 0 

0 , 44 l 

1,17 

1,23 

1,17 

1017 

29 o 0 

0,492 

1,23 

1.37 

1,23 

1.30 

32oO 

0,542 

1.37 

1,51 

1.33 

1.37 

35.0 

Oo 5 S 3 

1,51 

1.64 

1,37 

1,51 

38.0 

0,644 

l,^'- 

1,78 

1,72 

1,72 

40 o 0 

0,678 

1 ,;; 



4 l.O 

0,695 


2,06 

2,06 

1.92 

42 o 0 

0,712 

1,92 




44 o 0 

0.746 

2,19 

2,46 

2,47 

2,26 

46»0 

0,780 

2,54 

3.02 

3.08 

2,61 

48,0 

0 „ 8 l 4 

3.08 

3.70 

3.84 

3.15 

49 o 0 

0,830 

4,04 

4,52 



5000 

0,848 

5.21 

5.07 

3.98 

5100 

0,865 

4,59 

5.75 



52o0 

0,882 

5.41 

6,30 

6,64 

5 . 4 i 

5^0 

0,899 

6,85 

6,58 

7 ,4o 

6.44 

54.0 

0,916 

8,15 

6,44 

7.68 

7.81 

55.0 

0,932 

14,80 

6,03 

7.40 

9.32 

560 0 

0.949 

22,20 

5.48 

6,85 

10,29 

57 oO 

0,966 

33.83 

5.20 

6.30 

10,02 

57.4 

0,973 

35.89 




57.7 

0,979 

3^.65 



9.26 

58.0 

0,983 

21,92 

4,93 

5.69 

59.0 

1,000 

12,21 

4,66 

5.21 

7.96 

60,0 

1,017 

8,63 

4,38 

4,80 

6,58 

61.0 

1,034 

6,71 



62,0 

1,051 

5.34 

4,11 

4,o4 

4.93 

64 oO 

1,068 

3.90 

3.84 

3.42 

3.77 

66 eO 

1,119 

3,02 

3.42 

2,88 

3.02 

68,0 

1.153 

2 , 4 o 

2,88 

2,47 

2,47 

7O0O 

1,186 

1,92 

2,33 

2.06 

2,06 

72oO 

1,220 


2,05 

1.78 

1,78 

73.0 

1.237 

1,51 

1,64 



75.0 

1,271 


1,51 

1,51 

76,0 

1,288 

1,30 




78,0 

1.322 


1.37 

1.23 

1.23 

79.0 

1.339 

1,10 


0,96 


81,0 

1.373 


1.23 

0,96 

82.0 

1.390 

0.96 




84,0 

1,424 


1,10 

0,80 

0.82 

85,0 

1,441 

0.82 




87,0 

l .‘*75 


0,96 

0,73 

0.75 

88,0 

1.492 

0,69 


0,69 


90,0 

1.525 


0,89 

0.69 

92,0 

1,560 

0.62 


0.62 


93.0 

1.576 


0,82 

0.62 

96,0 

1.627 

0,55 

0,75 

0.55 

0.55 

Ave, ambient temp, - 


75.0 

77.7 

78.0 

Ave, d,c. 

field volts 

116.0 

116,1 

116,8 

115.7 

Ave, d.c. 

field amps. 

0.79 

0.80 

0,82 

0,80 


-37- 



TABLB V 


Points for Plotting Theorstlonl Curve for Case of 
Constant Tuning and Infinite BaBq;)lxxg (f« Osoo) 
as Calculated by Formula (ll): 

jj^ - .0S6OZ 
b = 1.381 


Oo 45 C 

1,31 

0,500 

1,36 

0.550 

1,47 

0,600 

1,61 

0,650 

1,80 

0,700 

2,07 

0.750 

2.46 

0.800 

}oOS 

0.850 

4.20 

0.900 

6,80 

0.925 

9.97 

0.950 

18.57 

0.960 

25,98 

0,970 

34,77 

0.9731 

35 o 89 

0,975 

35,40 

0,980 

31.73 

0.990 

22.18 

1,000 

16.01 

1.050 

5,99 

1.100 

3 o 57 

1.150 

2,51 

1,200 

1,92 

1,250 

1.54 

1.300 

1.27 

1.350 

1,400 

1.08 

0,93 

1.450 

0.82 

1,500 

0.73 

1,550 

0,65 

1,600 

0.59 
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TA3LS ?I 


Experimental Data for Case of Optimum Tuning 


Oi g 

cyolee/seo. 

Plunger 

lo^ed 

Oil 

°0U #2135 

Oil #1065 

26*0 

0.441 

1,10 

1.17 

I0I7 

1.17 

29.0 

0,492 

1,23 

1.30 

1,23 

1,23 

32oO 

0.542 

1.37 

1.44 

1.37 

1,30 

35oO 

0.593 

1.51 

1,58 

1,51 

1.51 

1800 

0.644 

1.71 

1.71 

1.78 

1.64 

40,0 

0.678 

1.85 




41p0 

0.695 


2,06 

2.05 

1,92 

42,0 

0.712 

2.06 




44c0 

0.746 

2.33 

2.56 

2.53 

2.26 

46.0 

0. 780 

2.67 

3.15 

3.19 

2.60 

48.0 

0.814 

3.15 

3.97 

3.97 

3.08 

49.0 

0,830 


4,66 



50.0 

0.848 

3.97 

5.00 

4,86 

3.77 

5I0O 

O0865 

4,59 

5.00 



52o0 

0.882 

5.48 

4.52 

5.68 

4,93 

53oO 

0,899 

6.65 

4,11 


5.82 

54.0 

0.916 

9.18 

3o77 

5.75 

6,78 

55«o 

0.932 

15.48 

3.63 


7.81 

56,0 

0,949 

24,32 

3.42 

5.68 

8.77 

57.0 

0,966 

34.25 

3.49 


9.04 

57«2 

0,970 

35.75 


5.48 


58.0 

0,983 

17.81 

3.70 

8,90 

59«o 

1,000 

11,24 

3.91 


7.81 

6O0O 

1,017 

8.44 

4,11 

4.93 

6,85 

61.0 

1.034 

6,58 

4.46 

6.03 

62.0 

10051 

5.28 

4,87 

4,38 

5.14 

61.0 

1,068 


5.00 



WoO 

1.085 

3.77 

5,00 

3.77 

4.o4 

65.0 

1.102 


4.79 



66,0 

1.119 

2.95 

4.52 

3.15 

3.29 

67.0 

1.136 


3.97 



68.0 

1.153 

2,40 

3.56 

2.53 

2.67 

69.0 

1.170 


3.08 



70.0 

1.186 

1.92 

2,74 

2.26 

2,19 

72,0 

1.220 


2,26 

1.99 

1.92 

73.0 

1.237 

I065 




74.0 

1.254 


1.92 

1.71 


75.0 

1.271 




1,51 

76.0 

1.288 

1.37 

1.58 

1.51 


78.0 

1.322 


1.37 

1.30 

1.23 

79.0 

1.339 

1.10 




81.0 

1.373 

0.96 

1017 

1,03 

1.03 

82.0 

1.390 




84,0 

1.424 


1.03 

0.89 

0.89 

85.0 

1.441 

0.82 



87.0 

1.475 


0.96 

0.82 

0.75 

88.0 

1.492 

0,69 




90.0 

1.525 


0.82 

0.75 

0.69 

92,0 

1.560 

0.62 




93.0 

1.576 


0.69 

0.69 

0.62 

96.0 

1.627 

0.55 

0.62 

0.62 

0.55 

Eve. amltient temp. - ^7 


80,0 

80.0 

78,7 

Ave. d.c. 
Ave. d.o. 

field volts 
field amps. 

115.4 

0,80 

116-3 

0,8^ 

116-8 

0.8& 
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YU 


Points for Plottizig !Fh«orstioal Ourro for Cass of 
OptlBaiB !Ihinlng and Infinite £lBiiiq;>lng (f s.9^0U, c soo) 
as CalouLated \y Pormola (ll): 


Xl _ /_ l_ __ 

7^0. y +• y 

- >0633 ^ l>- 1.3^3 3t»yt^sec, ^ C-t = 6'/2^o 


t 

V*o 

0 o 450 

1.27 

0.500 

1.36 

0.550 

1.47 

0.600 

1,62 

0.650 

1,81 

0,700 

2.09 

0,750 

2.48 

0.800 

3,12 

0.850 

4.29 

0.900 

7.09 

0,925 

10,63 

0.950 

20,51 

0,960 

29.27 

0.9698 

35 o 75 

0,975 

33.17 

0,980 

28.27 

0.990 

19,63 

1,000 

14.36 

1,050 

5,71 

1.100 

3,47 

1,150 

2.46 

1,200 

1.88 

1,250 

1.51 

1,300 

1.25 

1«350 

1.07 

1,400 

0.92 

1.450 

0.81 

1,500 

0.72 

1,550 . 

0.64 

1.600 

0,58 



TA.BLB VIII 


Points for Plotting Theoretical Curves for Casa of Optimom Tuning 
as Calculated by Pormula ( 9 )* 


- 

Xo 







. OCJ }^ b - 

Ki 9 i ^) vy ^^ sec . ^ 

SluasyseC . 


S 

h - 0.1 

Xi/xq 

h B 0.2 

h » 0.3 

s . L - 

0.1- 

/. Li'y 

0 o 750 

2.83 

2.68 

2,61 



O0800 

O0825 

3«92 

4.80 

3 o 45 

3,96 , 

3,28 

3,76 

.5 ' 

2. * 3 *^ 

y 

0.S50 

5.41 

4.54 

4.37 

1 0 


O0875 

5,22 

5.12 

5,15 



0.900 

4,34 

5,58 

6.18 

h ' - 

. ! Lj - . 

0.925 

3.62 

5.83 

7,24 



0.950 

3,29 

5.89 

7.97 

1 . ^ ■ 


0.975 

3.31 

5,83 

8.03 

1 

_ --s . 1 T- 

1.000 

3,62 

5,68 

7.26 


1,025 

4.16 

5,40 

6,18 



1,050 

4,83 

5.00 

5,16 



10075 

5,34 

4,53 

4.29 



1.100 

5,29 

3,98 

3 o 65 



lol 25 

4,71 

3,46 

3,14 



1.150 

4.01 

3,06 

2.74 



1.200 

2.83 

2,36 

2.14 



1,250 

2.19 

1,93 

1,76 





- 42 - 




0.8 0 9 l>0 /./ 

DRWINfa FR£Q.U£MCY RATIO 


, 1 

1 

.1 

■ 1 

1 

1 


-1 



--F-; 




•-l! 


' . 1 ' ■ - l' 



.iirL . 4 


N 

rr .-; ^ n 

4-*:j 



• • t 

'■-£1 



.. i 

■-Ull 

-*4 

. ,* 1 ; . 


!i4 

r* *. J ■* * -' ! 

'L 1 


.. 1. , 

i". i 

^4 

p&Tjji 


Si 

r M u (i 

n 




ffi; . 




-■j 

tiii 

■ i I. I ^ 

a • OA 



■ 1 ■: 



■ ' 



-J 



i- 

—1- - 

•. 



•' 

i 

! i- ■ 







■ 

; : ■■ 


1 1 ■ ; 

i 


• 


r- 




1 : 



‘ 



■ 



‘ i 

_. 



' 



i 

-1 


■ 

1 

1 


. 

i ■ i 



! - 

■' r 

..L. 


J --4- :4 

1 • 1 M 





1 

T 'r~T 

! 

! i 

= ! 
i. ! 


1, 

i ^ 

i .1 1 


i 

■ I. 


I 

■ !■■ 


f 

r 

- _ 


i. - 

, 


r 

. i • 


t ■ 


T 



[ 

! M M 

1 

r 

( _ 








!■ 

r ' ' 

,__ L 


t 

I 

] ■ 4 ■ 


1 



1 



1 - 


J _ 


.1 

i 

: 1 


. 

..4 J 

i i 

.-14 















































both tuning condltionso for each case the main eystem damping constant,, 
b, uat computed from equation (ll) by aubetltutlxig the peak value of 
x^/xq from the experimental cnirve and solving for b, thus making the 
peak of the computed and experimental curves colndldSo The calculated 
points for plotting the curves are tabulated in Tables Y and VII, 

liquation ( 9 ) used for coaputiog theoretical curves to shov the 
effect of the daaq)ing ratio, h s 0/0^ ° optimum tuning, 

curves vers cooputed for h s 0 , 1 , 0 , 2 , and 0 , 3 * the points so calcu¬ 
lated are tabulated in Table VIII, 

10 , Absorber Teisperature Blse,- 

The absorber damping constant, c, varies directly with the viscosity 
of the oil film in the cleaxance space between the plunger and cylinder, 
which in turn is a function of the teaq^erature. An indication of the 
temperature of the oil film may be obtained by msasuxlng the outside 
surface tssq)eraturs of the absorber cylindero This was aocoBiplished by 
soldering a calibrated copper-constantan thermocouple to the surface of 
the absorber cylinder, using an ice-water mixture for the cold Junction, 
and measuring the millivolts generated in the Junction by means of a 
galvanometer and associated apparatus deacribed in section 10 of Chapter 
III and pictured in Fig, 7 ° A test was rxm on each of the three oils 
Tued in the amplitude tests, taking readings every five minutes until 
the tesperature was stabilised. All tests were run for the constant 
tvming condition and with the driving frequency set at the point which 
gave the greatest relative motion between the plunger and cylinder, 
Correspondixvg measxirements were also made on a second thermocouple sus¬ 
pended in the free air several feet from the vibration apparatus, and 
a mercury thermometer was used as a check on the ambient temperature. 



The millivolt measurements were converted to tengjerature hy using the 
calibrated data supplied by the manufacturer of the thermocouple wire, 
the Leeds & Korthrup Co<, The resvilts of the tests are tabulated in 
Table IX and plotted on ?igo 17° 

llo Main System Damping Constanto- 

As eux independent check on the damping constant of the main system^ 
an oscillogram was taken of the die-away characteristic for the condition 
f - Ic c , and the damping constant was computed by the logarithmic 
decrement methodo The oscillogram and computations are shown on Flgo 1S„ 

The reader is refered to Den Hartog (3) or other standard text on vibrations 
for an explanation of the theory of the logarithmic decrement methodo 

12o Oscillogramso- 

As a matter of general interests oscillograms were taken of the die- 
away characteristics of the system with the absorber in operation for 
the case of optimum timing for each of the three oils used in the ampli¬ 
tude testso In each case the system was operated at the natural fre¬ 
quency of the main mass 8ystem„ r 59=0 Cop.So, prior to opening the 
drive coll clrcult„ Also, the amplifier gain setting of the signal to 
the oscillograph was held constant so that the oscillograms would be 
comparable on an ajnplitude basis. The results obtained are shown in 
Pigs, 19 , 20, and 21, 
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TABLE IX 


Experlmentcil Data for Absorber Tes^erature Else Ctirres 


Time in Oil #3042 Oil #2135 

Minutes Tea^erature Tes^erature 


Oil #1065 

Temperature ®T 



Ambient 

Absorber 

Ambient 

Absorber 

Ambient 

Absorber 

0 

79o2 

78.3 

78.3 

78.3 

77o5 

77.9 

5 

79o2 

79.0 

78.3 

78.8 

77.5 

78,9 

10 

79.5 

79.5 

78.3 

79.2 

77.5 

79,5 

15 

79.5 

79.7 

78.3 

79.5 

77.7 

79.7 

20 

79o2 

79.9 

78.3 

79.7 

77.7 

80,1 

25 

79o5 

80a 

78.3 

79.9 

77.5 

80.6 

30 

79o5 

80,3 

77.9 

79.9 

77.5 

81,0 

35 

79o5 

80,6 

78,1 

80.1 

77.3 

81.2 

4o 

79.5 

80,8 

77.9 

80,1 

77.3 

81.5 

45 

79.5 

81,0 

77.9 

80.4 

77.5 

81.7 

50 

79.2 

81,2 

78.1 

80,6 

77,5 

81,9 

55 - 

79o2 

81.2 

78.1 

80,8 

77.5 

81.9 

60 

79.2 

81,4 

78.3 

80.8 

' 77.5 

82.1 

65 

79.5 

81,4 

78.6 

81,0 

77.5 

82,1 

70 

79.2 

81,6 

78.3 

81,2 

77.5 

82.4 

75 

79.5 

81,6 

78.3 

81,2 

77.5 

82,4 

80 

79.2 

81,6 

77.9 

81.2 

77.5 

82,4 
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Oacillogram showing effect of absorber on dle-awsijr characteristic using Havy syabol Vo. 30^2 oil 
Taksn under condition of optimum tuning and a>z 59*0 cgreles/seo. 



Fig. 20 

Oscillogram showing effect of absorber on die-away characteristic tising Nary symbol Ho. 2133 oil 
Taken \mder condition of optimum tuning and cu : 59*0 oyclea/sec* 
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rig. 21 


OselllograB ihovln^ «ff«et of absorber on die-away characteristic using Havy symbol Vo. IO65 oil. 
Taken under condition of optimum tuning and com rtnZ 59.0 cycles/sec. 

































CHAPTER V 


DISCUSSIOH AND CONCLUSIONS 

A reioarlcably close correlation between the theory and the experi¬ 
mental results is demonstrated by Figs. 15 and l 6 <, The calculated curve 
for the infinite damping condition for both the constant and optimum 
tuning case practically coincides with the experimental curve^ 

In Pigo l 6 , a comparison of the calculated curves for a damping 
ratio, h, of 0,1, 0.2, and 0,3 with the experimental curves for Navy 
symbol number 30 ^ 2 , 2135b IO 65 oil» respectively, reveals the same 
geneml shape for corresponding damping conditlonso Neglecting the main 
system damping constant, b, which is quite small, and substituting in 
equation ( 26 ) for the case of optimum tuning, it is found that the opti¬ 
mum damping ratio, h, is 0ol40o Therefore, the calculated curve for 
hr 0,1 is vmderdamped and the curves for 0,2 and 0,3 are overdamped, By 
comparison with the experimental curves, it is estimated that the damp¬ 
ing ratio, h, for oil #3042 is about Ooll; for oil #2135, about 0ol9; 
and for oil # 1065 e about 0 <, 32 o 

A comparison of the experimental curves for constant timing, Fig, 15 b 
with the corresponding curves for optimum tuning, Fig„ 16 , clearly shows 
the advantage, predicted by the theory, of optimum tuningo The desira¬ 
bility of optimum damping is clearly evident from Fig, 16 . 

In Chapter II, section 6 , it was pointed out that there was ho value 
of the driving frequency ratio, g, other than the trivial case of g s 0 , 
which would make the amplitude ratio Xsjx^, independent of damping 
unless the main system dan 5 )lng constant, b, was zero; in which case * 1 /*^ 
was independent of damping for two values of g, designated as g^^ and gg, 
and all curves pass through two common points, designated as P and Q. 
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with absciasas and g^, respeotively. The absence of definite P and Q 
points when b is not zero is illustrated by the theoretical curves of 
Pigo l6 which were computed for a b of about lo^^ of criticalo The 
reader is refered to Den Bartog (3) for theoretical curves when b is 
seroe 

Both the theoretical and the experimental curves demonstrate that 
the absorber serves no useful purpose in the frequency ratio range below 
about O088 and above about l« 06 o In factg the absorber is a detriment to 
best performance in these regionSo Brock (2) suggests that the optimum 
procedure would be to use infinite danqiing until g 5 to use zero 
da]iq>ing from g « to g ts £2» use infinite damping beyond g • g2o 

In a practical case, this would necessatate cutting the absorber in 
(unlocking plunger) at some point below the resonant frequency of the 
system and cutting the absorber out (looking plunger) at some point above 
the resonant frequencyo Such a procedure is hardly Jtistifled for the 
slight gain in performance which the curves of PigSe 13 uud indicate 
would be aohievedc However, if an absorber is iised in order to permit 
smooth acceleration thro^Lgh the resonant frequency range to an operating 
speed above the resonant frequency range, then it would be advsmtageous 
to cut the absorber out (lock plunger) after reaching the operating 
speed, therby sli^tly reducing the aaplitude of vibration and saving 
unnecessary wear of the absorber. 

The relative motion between the absorber plunger and cylinder 
results in a shearing action on the oil film in the clearance space 
and a dissiijation of energy as heat. It would be expected that the 
temperatTire of the oil film would rise until a stabilised balance was 
reached between the heat energy generated in the oil fllM and that 




conducted away ithrough the walla of the absorber and eventually dle 8 ii)ated 
to the atmosphere. That such a condition oocures is demonstrated by the 
teo^etature rise curves of Fig, 17 « However, the amount of temperature 
rise is surprisingly small, being in the order of 3 to 3 the surface 

of the cylinder. It is interesting to note that of the three oils tested, 
the heavest oil caused the greatest temperature rise, 

A point worthy of mention is that the oil film exibited no obserable 
tendency to break-down or vibrate-out of the clearance space even though 
the absorber was frequently operated continously for 4 to 6 hours. 

The main system damping constant, b, as computed by equation (ll) 
and based on the observed resonant suqplitude of vibration is in close 
agreement with the value obtained by the application of the logarithmic 
decrement method to the oscillogram of the die-away characteristic. By 
applying equation (ll) to the plunger-locked curve for the constant tun¬ 
ing case pf Tig, 13, b vAs found to be 1 , 392 ^ of the critical damping 
constant, b^; a similar coii:q)utation for the optimum tuning case gave a 
b of lo 39 ^^i whereas, conputatlons based on the die-away characteristic 
of Tig, IS gave a value of b of l, 42 j(. The difference between the 
values is considerably less than a tenth of one percent ( 0 , 1 ^) and well 
within experimental accuracy. 

The danping effect of the absorber is well demonstrated by the 
oscillograms shown in Tigs, 19 * 20 , and 21 , The oscillograms were taken 
under the conditions outlined in Chapter lY, section 12 , and illustrate 
the effect of the absorber on the die-away characteristic of the main 
elastic system. Oil # 3042 , which as previously noted is close to the 
optimum damping condition, produced the most effective die-away damping 
action, causing the vibration to be reduced to a very small amount 
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within 6 cycles of the power cut-off pointo Oils 2135 
progressively worse in this respect as would he expected fron the results 
of Pigo 169 The rapidity of the die-away nay he compared with the 
plunger>locked ease of Figo 18 . It is also interesting to ooapare the 
amplitude of the waves (indicative of the as^litude of vibration) of 
PigSo 19 « 20. and 21 under the steady state condition before the power 
outt-off point. These oscillograms, however, are not comparable on an 
amplitude bases with Fig. 18 due to a different setting of the signal 
gain for this case. It will be observed that oil 30^ gives the minumum 
steady state amplitude, with oil 2135 And IO65 giving progressively 
higher amplitudes, as would be expected fDoa the results of Fig. l 6 e 
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